The energy partitioning scheme of Morokuma et al. has been applied to the proton affinities of fourteen aliphatic amines. The electrostatic, the polarization and the charge transfer component of the proton affinities have been calculated using the MINDO/3 method. Two different sets of structural parameters have been used for the complexes of the bases and the attacking proton. Within the framework of the semiempirical method employed here, the electrostatic interaction between an attacking proton and the base was found to be positive as a result of the relative magnitudes of the repulsion terms used in the proton-electron and the proton-core interactions.
Introduction
Recently we published the results of some semiempirical and ab initio studies concerning the proton affinities of aliphatic amines [1 -5] . In the course of these investigations we calculated the polarization and the electrostatic part of the energy of interaction between an approaching proton and fourteen bases [5] . We used for the contribution of the polarization energy [6] ( /-p -/-j is the magnitude of the distance between the attacking proton and the atom with number i and polarizability a s ) [4, 5, 7] .
The electrostatic part of the proton affinity was calculated according to E< EST f Up-Ij| * Part 5 see [5] , Reprint requests to Prof. Dr. Jörg Fleischhauer, Lehr-und Forschungsgebiet Theoretische Chemie der RWTH Aachen, Prof.-Pirlet-Straße 1, D-5100 Aachen, West Germany.
where q x is the charge of atom i. The interatomic distances were taken from MINDO/3 geometry optimizations, and different sets of polarizabilities have been used in the polarization part. Use of the polarizabilities [4] calculated by means of the MINDO/3-FP method [8] in the expression for the polarization part, and of MINDO/3 charges in the calculation of the electrostatic energy led to values for these components which, in the case of the molecules ammonia, methylamine, dimethylamine, and trimethylamine correlate with the nonempirical 4-31 G results of Morokuma et al. [9, 10] . At the ab initio level it was found that the sum of the polarization and the electrostatic energy decreases with increasing proton affinity [10] . This trend could not be reproduced by our semiempirical treatment.
The reason for this lies in the fact that successive exchange of the hydrogen atoms of the amino group by methyl substituents caused an increase of the electrostatic part, which could not be compensated by the decreasing polarization term.
In this communication we present the results of further investigations in which we not only recalculated the electrostatic term using a method closer adapted to MINDO/3 theory [11] , but also 0340-4811 / 87 / 0200-0127 $ 01.30/0. -Please order a reprint rather than making your own copy.
determined the polarization part in a way closer related to the method of Morokuma [9, 10, 12] . In addition we calculated the charge transfer contribution to the proton affinity according to that author's method.
Computational Method
The electrostatic part was calculated by i where Z, is the core charge of atom i, and p x \ the sum of its bondorder matrix diagonal elements.
r iH and y iH are the two center core-core and electron-electron repulsion terms used within the MINDO/3 method [11] .
In order to calculate the polarization energy, the Finally, the charge transfer energy was determined.
For this purpose, we followed Morokuma's method Although the geometries of the optimized neutral amines, especially those of the tertiary amines, differ in some cases significantly from the ones used in method 2, the differences between their total energies are relatively small and never exceed 0.4 eV.
Results and Discussion
Use of both methods to determine the position of the attacking proton in the complex led to H-N bond distances for which £ NH is considerably larger than >' NH , so that even the electrostatic interaction between the proton and the nitrogen atom, which carries the largest amount of negative charge in the whole molecule, becomes repulsive. The energy decreasing contributions, which emerge from the interactions between the proton and negatively charged atoms i in such distances, for which £ iH is * In the case of the primary cations, the proton lying in the plane which contains the nitrogen and the a-carbon atom and which bisects the H-N-H angle was considered as the attacking one.
For the secondary bases the results of the partitioning procedure were found to be almost identical regardless which of the two hydrogen atoms of the NH^-group was considered as the attacking proton. The dependency upon the choice of the hydrogen atom was found to be so weak that it could be neglected. Table 1.) small enough, do not compensate the positive contributions, so that, independent of the method used, the total electrostatic term is positive for all molecules under consideration (cf. Table 1 and Table 2 ).
For all amines method 2 gives smaller electrostatic energies than method 1 (cf. Table 1 and   Table 2 ). Using method 1 no trend can be recognized within the groups of the primary, secondary, and tertiary amines. The same is true for the primary amines in the case of method 2. Among the secondary and tertiary amines this method gives trends which, however, contradict each other: Whereas the electrostatic term decreases with increasing weight of the alkyl part in the case of the secondary bases, just the opposite is obtained for the tertiary species (cf. Table 1 and Table 2 ). We tried to correlate the MINDO/3 polarization energies with experimental proton affinities [14, 15] (see Fig. 3 a and Figure 3 b ). The correlation obtained with method 2 is rather satisfying ( r = 0.991), and is also a little bit better than that obtained in [5] . Moreover, the correlation found here is almost group overlapping. The only exception is dimethylamine (8) Table 1 .) • S primary (plus ammonia), 0 = secondary, + = tertiarv amines. found. Moreover, the average value for the primary amines is lower than that for the secondary, which on the other hand, is lower than that for the tertiary species (cf. Table 2 and Figure 5 ).
